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ABSTRACT

An underground nuclear power reactor system has a hollow
blast tunnel which extends ifrom one end of a containment

member. The

system 1ncludes a nuclear reactor vessel and

other components that may be positioned on a movable
support member or on a bottom wall of the containment
member. A blast tunnel, which defines a blast chamber, has
a plurality of spaced-apart debris deflectors positioned

therein. The blast chamber
opening formed therein whic,

has an upper wall with a roof
115 selectively closed by a roof

portion. I the reactor needs to be repaired or replaced, the

rool portion 1

s opened so that the reactor vessel can pass

through the roof opening. If the reactor vessel explodes, a
blast therefrom drives debris therefrom through a blast door
and 1nto the blast chamber where the detlectors reduce blast
force as the debris passes through the blast chamber.

9 Claims, 9 Drawing Sheets
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1

UNDERGROUND NUCLEAR POWER
REACTOR WITH A BLAST MITIGATION
CHAMBER

CROSS REFERENCE TO RELATED
APPLICATION

This 1s a Continuation-In-Part Application of Application
Ser. No. 17/183,923 filed Feb. 24, 2021, entitled UNDER-

GROUND NUCLEAR POWER REACIOR WIITH A
BLAST MITIGATION CHAMBER.

BACKGROUND OF THE INVENTION

Field of the Invention

This 1mvention relates to a nuclear power reactor. More
particularly, this invention relates to an underground nuclear
power reactor. Even more particularly, this invention relates
to an underground nuclear power reactor having a blast
mitigation chamber connected thereto. Even more particu-
larly, this invention relates to an underground nuclear power
reactor having a simplified emergency cooling system.

Description of the Related Art

Nuclear power reactor systems have been provided to
protect the reactor 1n the event of war or terrorism. Applicant

has previously received several patents which represent
significant advances in the nuclear power reactor art. See for
example, U.S. Pat. Nos. 9,378,855 B2; 9,396,823 B2; 9,502,
143 B2; 10,170,209; 10,685,751 B2; and 10,714,221. In
Applicant’s pending application Ser. No. 17/183,923 filed
Feb. 24, 2021 entitled UNDERGROUND NUCLEAR
POWER REACTOR WITH A BLAST MITIGATION
CHAMBER, Applicant provided a convenient means for
removing the nuclear power reactor from its containment
member for service or replacement. In that same application,
Applicant provided a unique emergency cooling system. The
instant application represents improvements of the invention
of the co-pending application.

SUMMARY OF THE INVENTION

This Summary 1s provided to introduce a selection of
concepts 1 a sumplified form that are further described
below 1n the Detailed Description. This Summary 1s not
intended to i1dentily key aspects or essential aspects of the
claimed subject matter. Moreover, this Summary 1s not
intended for use as an aid in determining the scope of the
claimed subject matter.

The underground nuclear power reactor with which the
instant invention 1s associated includes a containment mem-
ber having:

(a) a bottom wall having a first end, a second end, a first

side, a second side, an upper side and a lower side;

(b) an upstanding first end wall having a lower end, an

upper end, an mner side, an outer side, a first end and
a second end;

(c) the first end wall extends upwardly from the first end

of the bottom wall;

(d) an upstanding second end wall having a lower end, an

upper end, an mner side, an outer side, a first end and
a second end;

(e) the second end wall extends upwardly from the second

end of the bottom wall;
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2

(1) the second end wall of the containment member has a
passageway formed therein;

(g) an upstanding first side wall having a lower end, an
upper end, an nner side, an outer side, a first end and
a second end;

(h) the first side wall extends upwardly from the first side
of the bottom wall;

(1) an upstanding second side wall having a lower end, an
upper end, an mner side, an outer side, a first end and
a second end;

(1) the second side wall extends upwardly from the second
side of the bottom wall;

(k) an upper wall having a first end, a second end, a first
side, a second side, a lower side and an upper side;
(1) the upper wall extends between said upper ends of the
first end wall, the second end wall, the first side wall
and the second side wall so that the containment
member defines an interior compartment therebetween;

and

(m) the upper wall of the containment member being
located below ground level whereby the containment
member 1s completely buried 1n the ground.

The instant imnvention includes an elongated and horizon-
tally disposed hollow blast tunnel including a blast chamber
which extends from the second end wall of the containment
member and which includes:

(a) a bottom wall having a first end, a second end, a first
side, a second side, an upper side and a lower side;
(b) an upstanding first side wall having a lower end, an
upper end, an mner side, an outer side, a first end and

a second end;

(¢) the first side wall extends upwardly from the first side
of the bottom wall;

(d) an upstanding second side wall having a lower end, an
upper end, an mner side, an outer side, a first end and
a second end;

(¢) the second side wall extends upwardly from the
second side of the bottom wall;

(1) an upstanding first end wall having a lower end and an
upper end;

(g) the first end wall extends between the first ends of the
first and second side walls;

(h) an upstanding second end wall having a lower end and
an upper end;

(1) the second end wall extends between the second ends
of the first and second side walls:

(1) an upper wall extends over the upper ends of the first
end wall, the second end wall, the first side wall and the
second side wall;

(k) the upper wall has a roof opening formed therein
which 1s selectively closed by a roof portion;

(1) the first end wall of the blast tunnel has a passageway
formed therein which communicates with the passage-
way 1n the second end wall of the containment member;

(m) an optional blast door 1s movably positioned in the
passageway 1n said second end wall of the containment
member and the passageway 1n the first end wall of the
blast tunnel with the blast door being movable from a
normally closed position to an open position due to
blast forces; and

(n) the blast door may be also selectively opened to permit
the nuclear power reactor to be removed from the
containment member for replacement and/or repair.

In the preferred embodiment, the blast tunnel 1s com-
prised of concrete. In the preferred embodiment, the deflec-
tors are selectively removably secured to the side walls of
the blast tunnel.
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In a preferred embodiment, a sitmplified cooling system 1s
provided for cooling the reactor vessel in an emergency

situation.

In a preferred embodiment, the nuclear reactor vessel,
heat exchanger, turbine and electricity generator are
mounted on a movable support member 1n the containment
member which enables the nuclear power reactor to be more
casily removed from the containment member and blast
mitigation chamber for repair or replacement.

A principal object of the mnvention 1s to provide a nuclear
reactor containment with both passive cooling and blast
mitigation.

A Turther object of the invention 1s to provide a nuclear
reactor containment wherein parts or all of the electricity
generation complex may be moved 1n and out of the con-
tainment system for the purpose of servicing or refueling.

A tfurther object of the mmvention 1s to provide a blast
mitigation system which functions by diverting the forces of
the blast 1n a lateral direction and containing the forces of the
blast within a blast mitigation chamber should the nuclear
reactor explode.

Yet another object of the invention 1s to provide a nuclear
reactor which 1s protected from a missile attack or an
airplane crash.

Still another object of the invention 1s to provide a
simplified passive cooling system which will not be aflected
by an earthquake and which 1s combined with blast mitiga-
tion and protection from a missile attack or an airplane
crash.

Yet another object of the imnvention 1s to provide a nuclear
reactor wherein the components of the nuclear reactor and
clectricity generation complex are mounted on a movable
platform.

A principal object of the invention 1s to provide a blast
mitigation chamber for use with an underground nuclear
power reactor.

A tfurther object of the invention 1s to provide a blast
mitigation assembly including a blast chamber which waill
not only mitigate the blast of an exploding underground
nuclear power reactor, but which also can be used to enable
the reactor to be moved from 1ts underground containment
member for repair or replacement.

These and other objects will be apparent to those skilled
in the art.

BRIEF DESCRIPTION OF THE DRAWINGS

Non-limiting and non-exhaustive embodiments of the
present mnvention are described with reference to the fol-
lowing figures, wherein like reference numerals refer to like
parts throughout the various views unless otherwise speci-
fied.

FIG. 1 1s a partial side sectional view of the instant
invention which shows the roof section of the blast chamber
in dashed lines having been raised from the blast chamber;

FIG. 1A 1s an enlarged portion of FIG. 1 which illustrates
the components of the nuclear power reactor and the elec-
tricity generating complex being mounted on the movable
wheeled platform;

FIG. 1B 1s an enlarged portion of FIG. 1 which illustrates
the components of the nuclear power reactor and the elec-
tricity generating complex being mounted on the bottom
wall of a containment member;

FIG. 2 1s a partial sectional view of the nuclear power
reactor vessel;

FIG. 3 1s a partial upper sectional view of the instant
invention;
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FIG. 4 1s a view similar to FIG. 3 except that nuclear
power reactor has experienced an explosion or blast;

FIG. 5 1s a partial upper sectional view more fully
illustrating the invention;

FIG. 6 1s a partial sectional view 1llustrating the nuclear
power reactor vessel fluidly connected to a tube passing
through cooling water; and

FIG. 7 1s a view similar to FIG. 1 except that the
clectricity generating complex 1s positioned at ground level.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Embodiments are described more fully below with refer-
ence to the accompanying figures, which form a part hereof
and show, by way of 1llustration, specific exemplary
embodiments. These embodiments are disclosed 1n suilicient
detail to enable those skilled in the art to practice the
invention. However, embodiments may be implemented 1n
many different forms and should not be construed as being
limited to the embodiments set forth herein. The following
detailed description 1s, therefore, not to be taken 1n a limiting
sense 1n that the scope of the present ivention 1s defined
only by the appended claims.

Applicant has previously received U.S. Pat. Nos. 9,378,
855 B2; 9,396,823 B2; 9,502,143 B2; 10,170,209; 10,683,
751 B2 and 10,714,221 relating to nuclear power reactors.
Applicant’s earlier patents relate to tloating nuclear power
reactors where the instant mvention relates to an under-
ground nuclear power reactor and blast mitigation chamber.
Applicant hereby incorporates the disclosures of the above-
identified patents in their entirety by reference thereto to
complete this disclosure 1f necessary. Further, as used
herein, the term fluid may 1nclude steam.

The underground nuclear power reactor of this invention
1s referred to by the reference numeral 10 (FIG. 1). The
ground in which the underground nuclear power reactor 10
1s buried will be referred to by the reference numeral 12 with
the ground level or upper surface thereot being referred to by
the reference numeral 14.

The underground nuclear power reactor 10 includes a
containment member 16. Containment member 16 1includes
a bottom wall 18 having a first end 20, a second end 22, a
first side, a second side, an upper side 28 and a lower side
30. Containment member 16 includes an upstanding first end
wall 32, having a lower end 34, an upper end 36, a first end
38 and a second end 40. Contammment member 16 also
includes an upstanding second end wall 42, having a lower
end 44, an upper end 46, a first end 48 and a second end 50,
which extends upwardly from end 22 of bottom wall 18. The
second end wall 42 has a passageway 31 formed therein
which will be described hereinatter.

Containment member 16 includes an upstanding first side
wall 52, having a first end 54 and a second end 56, extends
upwardly from the first side of bottom wall 18. The end 54
of side wall 52 1s joined to the end 38 of end wall 32. The
end 56 of side wall 52 1s joined to the end 48 of end wall 42.

Containment member 16 further includes an upstanding
second side wall 38, having a first end 60 and a second end

62 which extends upwardly from the second side of bottom
wall 18. The end 60 of side wall 38 1s joined to the end 40

of end wall 32. The end 62 of side wall 58 1s joined to the
end 50 of end wall 42.

The components of the nuclear power reactor 10 1nclud-
ing the reactor vessel 82, heat exchanger 112, and condenser
126 are mounted on a movable support member 66, having
an upper side 68, a lower side 70, a first end 72, a second end
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74, a first side 76 and a second side 78. A plurality of caster
wheels 80 are secured to the lower side 70 of support
member 66 which are 1n engagement with the upper side 28
ol bottom wall 18 whereby support member 66 1s positioned
above bottom wall 18 as shown 1n FIG. 1A. Alternatively,
the components of the nuclear power reactor 10 including
the reactor vessel 82, heat exchanger 112, and condenser 126
are mounted on the upper side 28 of the bottom wall 18 of
the containment member 16 as shown 1n FIG. 1B.

The nuclear power reactor 10 includes a vertically dis-
posed reactor vessel 82 having an upper end 84, a lower end
86, and an interior compartment 88. A pipe 90 has 1ts inner
end 92 1n fluid communication with the interior compart-
ment 88 at the upper end thereotf as seen 1n FIG. 2. A pipe
94 extends from pipe 90 outwardly of vessel 82 and has a
valve 96 imposed therein. A valve 98 1s imposed 1n pipe 90
outwardly of pipe 94.

A pipe 100 has 1ts mnner end 102 1n fluid communication
with the mterior compartment 88 at the lower end thereof as
seen 1n FIG. 2. A pipe 104 extends from pipe 100 as seen 1n
FIG. 2 and has a valve 106 imposed therein. Pipe 100 has a
valve 108 imposed therein outwardly of pipe 104 as seen in
FIG. 2. A pump 110 1s imposed in pipe 100 outwardly of
valve 108. As seen 1n FIG. 1A, pipes 90 and 100 extend 1nto
a heat exchanger 112, having an interior compartment 114,
and are connected together by a pipe 116 as seen 1n FIG. 1A.

A steam line or pipe 118 extends from the nterior
compartment 114 of heat exchanger 112 to a turbine 120
which drives an electrical generator 122. A return line 124
extends from turbine 120 to a condenser 126 which 1is
clevated above support member 66 by legs 128 which
extend upwardly from support member 66. A line 130
extends from the lower side 132 of condenser 126 to the
interior compartment 114 of heat exchanger 112 at the lower
end thereof. Although 1t 1s preferred that the turbine 120, the
clectrical generator 122 and condenser 126 are positioned 1n
the containment member 16, they may be located at ground
level 14 as seen 1n FIG. 7. It so located, those components
will normally be enclosed 1n a building or shed S.

As seen 1n FIG. 6, pipes 94 and 104 extend outwardly
through containment member 16 to a buried water tank 134
containing cooling water 136 therein. As seen, tank 134 has
a vent tube 138 extending upwardly therefrom to a position
above ground level 14. As also seen 1n FIG. 6, pipe 94 and
pipe 104 are connected together by a cooling pipe 139
extending therebetween with cooling pipe 139 surrounded
by cold water in the tank. Preferably, pipe 94 has a flexible
slack portion formed therein inwardly of containment mem-
ber 16 and outwardly of containment member 16. Prefer-
ably, pipe 104 has a slack portion formed therein inwardly
of containment member 16 and outwardly of containment
member 16.

The reference numeral 190 refers to the blast mitigation
assembly of the instant invention. Blast mitigation assembly
190 includes an elongated hollow tunnel member 193 hav-
ing an inner end 194 and an outer end 196. Tunnel member
193 includes a horizontally disposed bottom wall 198, an

upstanding outer end wall 200, an upper wall 202, a first side
wall 204 and a second side wall 206. The walls 198, 200,

202, 204 and 206 of tunnel member 193 define an internal
blast mitigation chamber 208. The mner end of blast muti-
gation chamber 208 has a passageway 210 formed therein
which registers with the passageway 51 in containment
member 16. An optional blast door 212 1s hingedly mounted
in the passageways 51 and 210 and is preferably comprised
of steel. Blast door 212 1s normally closed but may move to
the open position as will be described 1n detail hereinatter.
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The passageways 51 and 210 are large enough to permit the
nuclear reactor vessel 82, heat exchanger 116 and related
equipment to be moved therethrough for purposes of repair
or replacement.

A plurality of elongated and vertically disposed deflectors
214 are secured to the inside surface of wall 204 1 a
horizontally spaced-apart manner as seen 1n the drawings. A
plurality of elongated and vertically disposed detlectors 214
are also secured to the inside surface of wall 206 1 a
horizontally spaced-apart manner as seen in the drawings.
As seen, the detlectors 214, which extend mwardly from
wall 204, are horizontally ofiset with respect to the deflec-
tors 214 which extend inwardly from wall 206. Preferably,
the deflectors 214 are comprised of concrete but may be
comprised of steel or the like 11 so desired.

Preferably, each of the deflectors 214 have a triangular
cross-section or trapezoidal cross-section which define an
angular leading face 214A and a trailing face 214B. Prel-
erably, the lower ends of the deflectors 214 rest on the upper
side of the bottom wall 198. Preferably, the detlectors 214
are selectively secured to their respective side walls by
flanges 216 and bolts 218. The 1mnner ends of the flanges 216
are embedded 1n the respective deflector 214 with the outer
ends thereof being bolted to the respective side wall. The
attachment of the deflector 214 to the respective side wall
enables the deflectors to be removed from the chamber 208
to enable the interior thereof to be cleaned and to also move
the nuclear power reactor therethrough for repair or replace-
ment.

The numeral 220 refers to a roof portion which
selectively closes a roof opening 222 formed 1n upper wall
202.

There comes a time when the reactor vessel 82 and the
heat exchanger 116 must be repaired or replaced. In such a
case, the roof portion 220 1s raised to open the roof opening
222. The blast door 212 will then be moved to 1ts open
position. Normally, the deflectors 214 on the walls 204 and
206 will be removed from the blast chamber 198 so that the
reactor vessel 82 or other components may be removed from
containment member 16. The reactor vessel 82 or other
components are then moved through passageways 51 and
210, through blast chamber 208 and outwardly through roof
opening 222 for repair or replacement.

Optional blast door 212 includes a closing mechanism
which 1s designed to let blast door 212 to open when the
blast door 212 1s subjected to a pre-determined blast pres-
sure should the reactor shatter due to being over-pressurized.
The shattering of the reactor also causes the shattering and
mangling of the other components 1n the containment mem-
ber 16 such as steam generator, turbine, generator, condenser
and supporting structure. The shattered reactor and compo-
nents associated therewith strike the blast door 212, which
1s opened by the blast forces, whereby the mangled pieces of
the reactor and other components to be blasted through the
passageways 31 and 210 and into the blast mitigation
chamber 208.

The pressure waves and the shattered pieces of the reactor
strike the i1nnermost deflector 214 on wall 206 thereby
causing some reduction in the blast force. The shattered
pieces of the reactor and components are re-directed to the
next deflector 214 on wall 204 and thence back and forth to
the deflectors 214 to the end of the chamber 208 whereby the
blast forces are reduced each time the shattered pieces strike
the leading faces of the detlectors 214. Eventually, the blast
force 1s reduced to a safe level so that roof portion 220 may
be opened so that the blast mitigation chamber 208 may be
cleaned and so that the containment member 16 may also be
cleaned. If the reactor vessel 82 becomes overheated, the
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normally closed valve 96 will open allowing the hot fluid
from the interior compartment 88 of reactor vessel 82 to pass
through pipe 94, cooling pipe 139 and pipe 104. The water
surrounding pipe 139 cools the pipe and tluid inside the pipe.

Valve 106 will open allowing cooled fluid from interior of 53

pipe 139 to return through pipes 104 and 100 to the bottom
of the mterior compartment 88.

Thus i1t can be seen that the invention accomplishes at
least all of 1ts stated objectives.

Although the invention has been described in language
that 1s specific to certain structures and methodological
steps, 1t 15 to be understood that the mnvention defined 1n the
appended claims 1s not necessarily limited to the specific
structures and/or steps described. Rather, the specific aspects
and steps are described as forms of implementing the
claimed invention. Since many embodiments of the inven-
tion can be practiced without departing from the spirit and
scope of the mvention, the mvention resides 1n the claims
hereinafter appended.

I claim:

1. An underground nuclear power reactor system, com-
prising:

a containment member ncluding:

(a) a bottom wall having a first end, a second end, a first
side, a second side, an upper side and a lower side;

(b) an upstanding first end wall having a lower end, an
upper end, an 1nner side, an outer side, a first end and
a second end;

(c) said first end wall extending upwardly from said
first end of said bottom wall;

(d) an upstanding second end wall having a lower end,
an upper end, an 1nner side, an outer side, a first end
and a second end;

(e) said second end wall extending upwardly from said
second end of said bottom wall;

(1) said second end wall of said containment member
having a passageway formed therein;

(g) an upstanding first side wall having a lower end, an
upper end, an mner side, an outer side, a first end and
a second end;

(h) said first side wall extending upwardly from said
first side of said bottom wall;

(1) an upstanding second side wall having a lower end,
an upper end, an inner side, an outer side, a first end
and a second end;

(1) said second side wall extending upwardly from said
second side of said bottom wall;

(k) an upper wall having a first end, a second end, a first
side, a second side, a lower side and an upper side;

(1) said upper wall extending between said upper ends
of said first end wall, said second end wall, said first
side wall and said second side wall so that said
containment member defines an interior compart-
ment therebetween:; and

(m) said upper wall of said containment member being,
located below ground level whereby said contain-
ment member 1s completely buried 1n the ground;

a nuclear reactor vessel positioned 1n said interior com-

partment of said containment member;

said nuclear reactor vessel having an upper end, a lower
end and an interior compartment;

said lower end of said nuclear reactor vessel being
positioned on said upper side of said bottom wall of
said containment member;

a vertically disposed heat exchanger, having an upper end,

a lower end, and an 1nterior compartment positioned 1n

said interior compartment of said containment member;
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said lower end of said heat exchanger being positioned
on said bottom wall of said containment member
adjacent to said nuclear reactor vessel,

an electricity generating system positioned 1n said interior

compartment of said containment member adjacent to

said heat exchanger and being driven by said heat
exchanger;

said electricity generating system including a con-
denser which 1s positioned on said bottom wall of
sald containment member;

an elongated and hollow blast tunnel comprising:

(a) a bottom wall with a first end, a second end, a first
side, a second side, an upper side and a lower side;

(b) an upstanding first side wall extending upwardly
from said first side of said bottom wall with said first
side wall having an upper end, a lower end, a first
end, a second end, an inner side and an outer side;:

(c) an upstanding second side wall extending upwardly
from said second side of said bottom wall with said
second side wall having an upper end, a lower end,
a first end, a second end, an inner side and an outer
side;

(d) a first end wall, having an upper end and a lower
end, at said first end ot said bottom wall and which
has a passageway formed therein which communi-
cates with said passageway 1n said second end wall
of said containment member;

() a second end wall, having an upper end and a lower
end, at said second end of said bottom wall which
extends between said second ends of first and second
side walls;

(1) an upper wall positioned at said upper end of said
first end wall of said blast tunnel, said second end
wall of said blast tunnel, said first side wall of said
blast tunnel, and said second side wall of said blast
tunnel; and

(g) said walls of said blast tunnel defining a blast
chamber configured to receive debris from said
nuclear reactor vessel 1n the event that said nuclear
reactor vessel explodes thereby creating a blast force
extending therefrom;

a cooling water tank positioned in the ground adjacent

said nuclear reactor vessel; and

a pipe 1 fluid communication with said interior compart-

ment of said nuclear reactor vessel which passes

through water in said cooling water tank.

2. The underground nuclear power reactor system of
claim 1 wherein said pipe which 1s 1n fluid communication
with said mterior compartment of said nuclear reactor vessel
and which passes through the water 1n said cooling water
tank has one or more flexible and slack portions formed
therein.

3. The underground nuclear power reactor system of
claim 1 wherein said upper wall of said blast tunnel has a
rool opening formed therein and wherein a roof portion 1s
positioned on said blast tunnels and 1s positioned 1n said roof
opening to normally close said roof opening, and 1s selec-
tively movable to an open position.

4. The underground nuclear power reactor system of
claiam 1 wherein a plurality of spaced-apart first deflectors
are secured to said inner side of said first side wall of said
blast tunnel so as to be partially in a path of debris passing
through said blast tunnel from said first end of said blast
tunnel towards said second end of said blast tunnel and
wherein a plurality of spaced-apart second deflectors are
secured to said mner side of said second side wall of said
blast tunnel so as to be partially 1n a-path of debris passing
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through said blast tunnel from said first end of said blast
tunnel towards said second end of said blast tunnel.

5. The underground nuclear power reactor system of
claim 4 wherein said first deflectors are vertically disposed
and horizontally spaced-apart and wherein said second 5
deflectors are vertically disposed and horizontally spaced-
apart.

6. The underground nuclear power reactor system of
claim 5 wherein each of said first and second deflectors has
an angular shape. 10

7. The underground nuclear power reactor system of
claim 1 wherein said passageways are large enough to
permit said nuclear reactor vessel to pass therethrough for
repair or replacement.

8. The underground nuclear power reactor system ol 15
claim 3 wherein said roof opening 1s large enough to permit
said nuclear reactor vessel to pass therethrough for repair or
replacement.

9. The underground nuclear power reactor system of
claim 1 wherein a blast door, which 1s movable between 20
open and closed positions, 1s positioned 1n said passageways
to close said passageways when said blast door 1s closed.
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